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“Renewal of Large-Span Girders in Southern  India.” 
By PERCY ROTIIERA, M. Inst. C.E. 

TIIE South  Indian Railway  Company has cnrriecl out  during  recent 
years a systematic  renewal of all  the  girders  on  the main line 
of its  metre-gauge  system, renderecl necessary by rapidly developirlg 
traffic, and  the  consequent use of heavier  types of engines. U p  to 
1911  no  serious difficulties were encountered  in  the work, which had 
been confined to the renewal of plate-girder  spnns of 70 feet  and 
under;  but  on  the  northern sections of the  main  line  there  are a 
large  number of bridges  with  lattice  girders of spans of 100, 130 
and 150 feet which hacl to be renewed, and  the problem of the best 
method of renewal of these had to be faced. 

The following is a  description of the method  adopted in renewing 
the  eighteen  spans of 120-foot  girders  over the Pn1a.r River. 

The old girders which were  erected  when the  line was first 
constructed between 1876 and 1878 were of the Whipple-Murphy 
type  with pin-connected joints,  built by the  Patent  Shaft  and 
hxletree Company, and were of a very light construction.  These 
it was decided to  replace  by new girders  having  riveted connections 
and of much  more rigid  construction,  being designed to conform 
with  the l908 Standard  Bridge  Rules of the  Government of India. 

Site.-The Palar River,  in common with many of the  rivers  in 
Southern  India, is for  the  greater  part of the  year  usually a dry 
arid  stretch of sand,  but  is  liable  to  sudden floods, and  then becomes 
a raging  torrent  in which  only a structure  built  on very good 
foundatiorLs  can  stand.  The problem therefore WRS to evolve a 
method the  adoption of which would entail  the  least  risk of damage 
to  the new  spans  while  being  erected and  inserted,  and also one tl1a.t 
would muse  the  least  interruption  to  traffic  in  the  event of a flood. 
The bed of the  river  is  fairly  regular  throughout its width,  and 
slopes gradually  from  the  north  abutment  to  the soukh. Bed-stone 
level at the  north  end of the  bridge  is 21 feet above the river-bed, 
while a t   the  south  end i t  is 25 feet. 
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The  usual  practice in  Southern  India is to  take  advantage of the 
natural conditions  afforded by dry  rivers;  and  in works of this 
nature  the traffic is carried on over a temporary  diversion  whilst 
the work  is in  progress;  b.ut  in  this  instance it was realized that it 
would be impossible,  except at  great expense, to make a diversion 
capable of withstanding floods, and  therefore  in  erecting  the  girders 
some method had to be adopted  under which traffic could be quickly 
turned over the  permanent bridge  should the necessity  arise. 

Srheme for Renewal of Girders.---In order to  attain these  two 
objects, it was obvious that some  method by which the new  spans 
could be erected  away from  the bed of the  river  and  inserted upon 
the piers  complete was  better  than  erecting  them  in  situ,  but  the 
problem then arose of getting  them  into position, and  incidentally 
of removing the existing  spans. 

To overcome this difficulty, the  Author conceived the idea of 
taking  the new  spans up sloping ramps erected  temporarily in  line 
with the piers, the  spans  being carried on special  trollies  designed  to 
fit the  gradient of the  ramps  and simultaneously  lowering the old 
spans in a similar way on  the  other side of the  piers by coupling 
the old spans to  the new by wire cables running over the piers, thus 
utilizing the weight of the old spans in assisting the new girders up. 
For the balance of power  required, the  ramps  on which the new 
girders were  raised  were  fitted with a double Abt  rack-rail as used 
on the  Nilgiri  mountain  railway  (a  part of the  South  Indian 
system), into which  pinion-wheels mounted  on  the  ramp-trollies 
engaged.  These  pinion-wheels w’ere connected  by  gearing  with 
worm-wheels, thus  not  only  reducing  the power required  but a t   the  
same time  providing  an efficient lock on  the movement of the 
trollies in  any position. 

To convey the new  spans  which  had  been  erected in  the building 
yard  to  the lower end of the ramps, they were  carried  on  two 
trollies,  called, for the sake of convenience, the horizontal  trollies, 
running  on low tracks  in  the  river-bed  laid parallel to  the  centre- 
line of the railway.  These  trollies  were so designed that  they were 
the same  height  as  the deeper  end of the ramp-trollies  when the 
latter were at   the bottom of the ramps. In   the building  yard the 
service tracks were run  into a cutting so that  the tops of the trollies 
were  level  with the  girders  as  built,  launching ways being  provided 
a t  necessary intervals  in  the sides of the  cutting  to  admit of the 
spans  being moved on  to  the  trollies. To  facilitate the handling of 
the spans  during  the process of insertion  and  to avoid  having to 
jack them  up  and down, they were moved horizontally  on  steel  rollers, 
and  to  prevent  the  rollers from getting  out of place they were to 
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run between  two channel sections,  one of which  overlapped the 
other.  The lower  channels  were  fitted  permanently  to the hori- 
zontal  and  ramp  trollies  and  the upper  channel was fitted  tempo- 
rarily  to  the  bottom of the  girders. 

The process under which the work of removal was carried  out 
was therefore to load  a span on to  the horizontal  trollies in  the 
building  yard  and  to  bring it out  into  the bed of the river to  the foot 
of the ramps,  where it was transferred  on  to  the ascending ramp- 
trollies. After  this  had been  done, the old span was pulled out 
from  the  piers on to  the descending  ramp-trollies,  which  had  pre- 
viously  been coupled by  wire  cables to  the new  span  trollies. When 
the new and old spans  were  loaded on their respective  trollies, the 
new one was worked up  the  ramps by  means of the  gearing  in  the 
brollies, the old one  meanwhile  descending on  the opposite  side. 
On  arrival at  the  top of the ramps, the new span was pulled from 
the trollies on to  the piers ; it WRS then jacked up, the rollers 
removed, and finally it was bedded in its permanent position. 
Under  this method of erection, it was estimated that a span would be 
exposed in  the bed of the  river  for  not more than 24 hours,  while 
the bridge  itself would actually be out of use for a considerably less 
time,  should the necessity  for  using it arise  owing to  the river  being 
in flood. It was also  estimated that one span could be inserted  per 
week, thus ensuring,  with  some  degree of certainty,  the completion 
of the work during one  season. 

Erection of Girders.-This method of renewal  having been 
approved of and  adopted,  the work of putting  together  the new  spans, 
built by the Horsely  Company, was commenced in  the building  yard 
on the  1st November, 1911. 

The  building  yard was located on  the  north-east bank of the 
river,  where the  ground  is  about 6 feet above the level of the 
river-bed  (Fig. 1, Plate 4), and which site is to some extent pro- 
tected  from flooding by the  natural  formation of the  river. As 
a protection  from flood it bank  was thrown  up  along  the  river 
edge of the ground,  and  the work of putting  the  girders  together 
wa,s able to go on  uninterruptedly  throughout  the monsoou 
months. 

The work of erection was mainly  carried  out by Moplah (West 
Coast) coolies specially  imported, they being  more  capable than  the 
labour  locally  available. Tamil blacksmiths and carpenters  were, 
however, to ft certain  extent, employed in  minor works.  The girders 
were  received from  England  in batches of three spans, and  on  arrival 
were at once put  together,  as  this was found to be the quickest way of 
sorting  the materials. They were  erected in four  rows,  one  behind 
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the other, to facilitate  subsequent  handling  (Fig. 1). Soparate 
gangs of twenty men under a maiatry  were  employed  on  each 
girder  and would assemble it sufficiently to commence riveting  in 
7 days. 

I n  each  span about 6,600 %-inch and  l-inch field rivets Lad to be 
put  in.  The  question of using  a  pneumatic  riveting-plant was con- 
sidered,  but it was found that  this would not be economical, 
consequently all  riveting was done by hand. A riveting gang, 
consisting of one  riveter, one  holder-up, two hammermen,  one 
hotter  and one bellows boy, put  in on an average 100 rivets per day ; 
the  largest day’s  record  being 135 rivets. 

As soon as  the girders  were  riveted  together,  they  were  handed 
over to  the  painting  contractor,  and,  after  being  thoroughly 
scraped,  were  painted  with  two  coats of graphite  paint manufac- 
tured by the Shalimar Paint Company, of Calcut,ta. While  the 
painting was  going  on, carpenters were  engaged in fixing the 
teakwood  cross-sleepers, which, as is usual in  Indian practice, rest 
directly on, and  are fixed to the rail-bearers,  there being no flooring 
or ballast. 

The  erection work went on steadily  throughout  the  wet  months, 
and  by  the  time it was possible to commence insertion of the spans, 
sixteen  out of the eighteen  were  complete,  with the exception of 
the  end  rail-bearers  and  their sleepers.  These,  owing to  the method 
of insertion,  could  not be fixed until  the  girders were in position on 
the piers, as they project  beyond the  ends of the  main  girders so as 
to  ensure a uniform spacing of cross-sleepers  over the piers. They 
were,  however, taken  up  with  the  girders  and were  easily  inserted 
from  the piers. 

Description of Temporary Arrangements.-While the work of 
fitting  up  the  girders was in progress,  work was also  going  on in 
connection with  the  temporary  arrangements  required  to  insert 
them. As jacking was to be avoided  as far  as possible, the 
girders were moved horizontally on  steel  rollers.  The  levels  were 
therefore so arranged  throughout  the process of insertion that  this 
could  be  done, the girders  being first rolled on to  the horizontal 
trollies,  then from  these to  the ramp-trollies,  and finally  from the 
ramp-trollies on to  the piers  (Figs. 2 and 3, Plate 4). 

I n  order  to provide a roller-path  clear of the  permanent bearings 
of the girders,  and also to make  each ramp when  erected against 
the piers  serve for  the erection of two  spans,  temporary  extensions 
(Fig. 4) were fixed to  the ends of the  main  girders so that  the 
roller-path was actually on the  centre axis of the piers. To fix  these 
extensions  a  length of 2 feet of the cover-plate of the end  members 
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of the  girders was removed,  and on the inside of the clmnnels com- 
posing the bottom  member pieces of the same  section  channel  were 
riveted,  these  pieces  projecting 14 inches  beyond the  end of the 
girder.  These  additional  channels  were  drilled to correspond with 
the rivet-holes in  the  permanent  girder,  and  extended  only so far 
into  the  end connection  as  was  sufficient to carry the weight, thus 
allowing as many  as possible of the  permanent  rivets  to  remain 
untouched.  These  extensions  were  connected top  and  bottom  by 
$-inch  plates, the  upper  one  being  carried  for a short  distance up 
the  end  member  to  act  as a saddle  and  give  additional  support, 
while the lower  plate  carried a 3-foot length of 10-inch  channel which 
formed the  top  plate of the  roller-path.  The lower path  for  the 
rollers  was a 12-inch  channel  on the trollies,  while  12-inch H irons 
on  timber  packings were  used in  the building  yard and  on  the 
piers. The  rollers  were 34-inch  steel pins 8 inches  long, and were 
originally  carried in bearings fixed to  the  upper channels, but  this 
arrangement proved  unsatisfactory  owing to  the  dificulty  in 
ensuring that  the bearings  were  square  to the  path, while the  friction 
of the rollers in  their bearings  made it very  hard  to move the 
girders.  The  bearings  were  then removed and  the  upper  channel 
allowed to  rest  directly  on  the  rollers ; and  to  ensure  the rollers 
keeping to  their correct  distance,  they  were  mounted in  cages of 
threes which  were  fed in  under  the  upper  channel  as  required. 

This  arrangement worked  exceedingly well and was used through- 
out  the whole work. With  treble  tackles  from each end of agirder 
to  winches, eight  men were  able  easily to move a span, and while 
the overlapping of the roller  channels kept  the  span  in  the proper 
direction, it provided  ample  play for  maneuvring  the  span  when 
such became necessary. 

Each of the horizontal  trollies  referred to above,  which  were 
used to convey the girders  from  the  building  yard to  the foot of the 
ramps, was made  from a pair of old engine-frames, and  the  frames 
were  spaced 15  feet  apart between  centres, so that when  loaded the 
centre of each  new girder  rested  over  the  centre of a frame  (Fig. 2 ,  
Plate 4). Across the floors of these were fixed two  joists,  over  which 
rested cross girders  carrying  on  them a third  joist,  on the  top of 
which  was riveted  the  channel  forming  the  roller  path,  the  top  joist 
being long  enough to clear the engine-frames so as  to  admit of its 
being  connected to  the channels used for  launching  the  girders in 
the building  yard  and  to  the  ramp-trollies  in  the river-bed. The 
engine-frames  were braced to each other  laterally so as  to make  them 
as rigid  as possible. When  these  trollies were  loaded with a span, 
the  front  and  rear  trollies were coupled together by wire  cables 
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fitted  with  union screws which conveyed the  pull from one  to  the 
other.  The  trollies  with  their  load were pulled out  from  the  yard 
to  the  foot of the  ramps by two  treble  tackles fixed to  the  draw-bars 
of the leading  frames, the  other  end being  anchored to  the  tracks 
on which the trollies  ran.  The motive power was  manual, sixty 
coolies being found necessary to pull each span  out, 12 hours being 
taken  for  the  span  farthest  from  the  building  yard, a dist,ance of 
half a mile. 

The  ramp-trollies  (Fig. a), which were specially designed for  the 
work  by the  Author, were built by Messrs. Burn  and Company, of 
Calcutta.  They consisted of plate side-frames, the lower edges of 
which were parallel to  the  ramps while the  upper edges were 
horizontal.  These  side-frames  on  their lower edge carried  cast-iron 
bearings  for  the axles, and  on  the  top were connected  by cross 
girders  supporting :L similar  joist to  that  used on  the horizontal 
trollies,  on which was fixed the  channel  forming  the  roller-path. In 
order  to  utilize metre-gauge wheels the  trollies were designed to  the 
same gauge, and  originally each trolly was fitted  with five pairs of 
wheels, but it was afterwards found that  the trollies  were so rigid 
in themselves t.hat  the  centre wheels were useless, and  they were 
removed, so as to  facilitate  the  handling of the trollies  when  moving 
them  from  ramp  to  ramp.  The wheels of the  trollies used for  the 
new  girders were fitted  with  broad-gauge  axles  having  journals 
4f inches in diameter,  the  two  inner  axles  carrying  spur wheels 
which worked in the  rack fixed on  the ramps. 

The  gearing  on  the  trollies was for  safety made in duplicate, but 
as it was impossible to  ensure  that  both  sets of gears would always 
divide the work equally, each set was designed to  carry  the whole 
load. To the spur-wheels  cast-iron pinion-wheels were rigidly  bolted, 
and  these were connected by idler-wheels to a shaft  carrying a 
small  pinion-wheel,  and also, on  the  outer  end of it, a large  worm- 
wheel, on which worked a worm lying  parallel  with the  axis of the 
trolly, in which position it was c1ea.r of the  girder when the  trolly 
wits loaded. The  worm-shafts were fitted  with  handles,  and  in 
order  to  ensure  the  gears being worked exactly  together  the  centre 
handle was common to  both  shafts, while, owing to  the  greater 
depth of the tail end of the trolly, an  additional  idler in the back 
gearing  reversed the motion of the worm. 

This was arranged  with  the  idea of ultimately  fitting  electric 
motors to  these  trollies,  in which case this  arrangement would 
cancel all  thrust  in  the bearings.  Motors  were  not, however, fitted 
for  the  erection of the  Palar bridge  spms. 

For  the calculation  for the  gearing  required  the following figures 
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were  adopted.  The weight of the new spans as inserted was 
approximately 100 tons, i.e., 50 tons  on each trolly,  while the weight 
of the old girders was calculated at 60 tons, or 30 tons  on each 
trolly. For friction, a coefficient of 0 . 1  was taken  for  both 
trollies,  which  included the  friction of the wheels on  the  rails  and 
of the  journals  in  their  cast-iron  bearings. 

These  figures gave, in the case of the old spans, a force  acting 
down the 1 in 6 ramp of 1 * 86 ton, while for  the new spans 
they gave a force of 12 * 9 tons,  leaving a net balance of 11 04 tons 
to  be overcome in  raising  the new girders. To this  must be added 
friction in the  gears themselves and  their  bearings,  and  for  these a 
coeficient of 0 2 was taken  on  the force  required  to move the 
girders, i.e., 11 04 tons,  bringing  this  up  to a total pull of 13 24, 
or, say, 14 tons. 

The accommodation on  the  trollies was  only sufficient for  eight 
or a t  most ten men, and,  assuming each man  to be capable of 
exerting a force of about 18 lbs. on a winch-handle, meant  that  the 
load on  the  gearing  had  to be  reduced to  somewhere about 180 lbs. 

The size of the lowest  pinion-wheel  was  governed by  the size 
of the spur-wheels, which were of the  Nilgiri Railway standard 
pattern  and could not be altered, so that  to  get  the maximum 
reduction  the  upper pinion-wheel was made as small  as possible 
while the worm-wheel was made  as  large as could be  conveniently 
fitted  to  the  trolly.  When worked out  this  arrangement  was 
found  to be  correct,  and  the  final  load  on  the  crank-handles was 
calculated to be 182 Ibs., while it was estimated  that  the speed up 
the  ramps would be  about 1 foot  per  minute.  That  these  figures 
were  very  nearly  correct was proved by  the  fact  that  on occasion 
ten coolies did  actually  take  the loaded trolly up the ramps, though 
it was certainly  hard  work  for  them, while the average speed 
throughout  the  journey  up was a little less than 1 foot  per  minute. 
Before the  first  girder was inserted  the  trollies were tested  with a 
dead  load of 30 tons of rails, it being impossible to  get a larger 
load  on to  them. It was at  once found  that  the pinion-wheel shafts 
were too  long between their bearings,  and  additional  bearings were 
fixed as close as possible on each  side of the pinion-wheels on each 
shaft.  When  these had been fitted  the  trollies were again  tested, 
and worked quite successfully in this respect. 

Considerable trouble was, however, experienced with one of the 
trollies  in  the  early  stages of the work,  owing to  the  teeth of the 
gear-wheels breaking in a way which at first was difficult to  account 
for,  as  they  broke  not only when  the  trolly was loaded, but also 
w-hen it was coming, down the  ramps  under no load :tt all. The 
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cause was finally  traced to  the  fact  that  the rack  spur-wheels  on 
the  trolly were  a tight fit on  the axles,  whereas it was necessary 
that  they should be free  to revolve on  these  axles,  owing  to the  fact 
that  the spur-wheel is 2 inches  less in diameter than  the adhesion- 
wheeIs. When  this was discovered, the wheels were  taken down 
and freed,  with  the  result  that  the  trouble was cured. With  this 
exception the trollies  worked  perfectly,  and the second trolly  went 
through  the whole of the work without  a  single mishap. 

The  trollies  used  for the old spans  were of the same  design, with 
the exception that  they were not  fitted  with  gearing, while the 
wheels and axles  were of the  ordinary metre-gauge  type, with 
journals 34 inches in diameter. No trouble of any  sort was 
experienced with  these trollies. 

The  steel-wire cables used for  coupling the trollies  were 1 inch in 
diameter,  having  a  breaking  strain of 30 tons. The calculated  load 
on these cables was only 6 tons,  but as the eft'ect of one  parting 
would have  been  disastrous they were  used in duplicate,  each  cable 
having its own separate connections to the trollies.  One end was 
fixed to  the trollies by shackles,  while the  other  end was taken to a 
screw union  to allow for  adjustment.  They were  carried  across the 
piers in a chase cut  in  the masonry, so  that  they lay below girder 
bed-level, and were thus clear of the packings  under the joists. 
Rollers  were fixed at   the ends of the piers to  carry  them. 

The  ramps  (Figs, 2 and 3, Plate 4), which  were  designed so as to 
facilitate  erection  and  removal,  were  constructed of Krabark or Poona 
wood, which is grown in Siam, and  has  only  recently been intro- 
duced into  India. It proved  very  suitable  for the purpose,  being 
a wood having a long-grained  fibre,  but at   the same  time being 
easy to work. It in many ways resembles  pitch  pine, and  though 
liable to crack in  the  sun it does not appear to  warp much. 
The  bents were  constructed of 10-inch  by  5-inch  section 
timbers,  and were  erected in pairs 4 feet  apart between  centres, 
braced together by  5-inch  by  2-inch  bracings,  each pair  forming a 
trestle.  The  trestles were spaced 16  feet  from  centre  to  centre  and 
between them were  diagonal struts of 10-inch  by  5-inch  section, 
carrying a cross timber  under  the  stringers.  The  bents  and 
diagonals  were still further braced together by old rails  running 
throughout  the  length of the ramp.  The  stringers were  10-inch by 
10-inch  timbers, spaced 3 feet 6 inches apart between  centres and 
fixed to  the  bents by  tie-plates  and  bolts.  On  these  rested the cross 
sleepers  which  carried the rails and  the rack-bars. I n  order to 
allow  for adjustment  in  the  alignment of the  track,  to  meet  any 
possible  differences in  the lengths of the girders, the sleepers  were 
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not fixed to  the  stringers,  but  to  take  the downward thrust  from 
the  rack-bars angle-chubs  were fixed a t  intervals  to  the  stringers, 
against which the sleepers  rested.  The  rack-bars, which are bolted 
to  their  chairs, which in  turn  are fixed to  the sleepers, ensured  the 
correct  spacing of the  latter.  The  trestles were bedded on a plat- 
form of old sleepers  resting  on a sandbank,  the  depth of which 
varied  with  the  inequalities of the river-bed, as it was essential that 
the  top of the  trestles should  be as nearly as possible at the same 
level throughout  the work to  allow the  ramp  and  horizontal  trollies 
to meet  correctly. It was realized to begin with  that  there  might 
be some difficulty in  this,  and  the  original  intention was to allow 
for a gap between the  two trollies, the  length of which would 
possibly vary, the  intention being to  close this  gap  with a length of 
channel  section cut  to  suit. It was found, however, that  although 
the differences were slight,  this  method  entailed  the use of several 
different  lengths of closure  channels, the  length of which could only 
be found  after  the  spans had arrived  on  the  spot, caysing delay. 
Finally a gauge was made to  the correct  length at which the  ramp- 
rails  and  horizontal  track-rails should  be at  the same level, and amy 
necessary adjustments were  made in the  horizontal  track r;bil-level 
after  the  ramps were completed, but before the  girders  arrived. 
This method was a great  improvement  on  the previous one,  and  after 
its  adoption  no  trouble was  experienced in getting  the  two  trollies 
to  meet correctly. This difficulty was  not experienced at the  top of 
the  ramps,  as  on  the  pier  the channels rested  on wooden packings, 
which were only adjusted  after  the  girders  arrived at the  top of the 
ramps. No closure channels were used here, but  the  pier  channel 
was carried  out so as  to  rest  on  the  ramp-trolly itself to  ensure 
an absolutely  correct  fit  and effectively bridge  the  gap between the 
trolly  and  the masonry of the piers. 

To cancel any possible thrust which might come down the  ramp, 
t8he ends were originally  made up  with  sand  for a length of 15 feet, 
but it was found  to be  difficult to pack the road on  this  part  in 
such a way that  there should be no  settlement when the load came 
on  to  it, considerable trouble being caused on  one  or  two occasions 
when the trollies  reached the  end of the  stringers, owing to  the 
bank  having  settled.  Latterly  stringers  resting on short  trestles 
were carried  down  through  this  sand  end,  after which there was no 
more  trouble. With the exception of the ends, the  ramps showed 
no  signs of settlement  throughout  the  work,  nor was any  other 
trouble experienced from  them.  The  ramps used for  the old spans 
were built  to  exactly  the  same  design,  with  the exception that  they 
were not provided with  rack-bars. I n  all  there were three  ramps 
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on each  side of the bridge, the idea  being that, while one  pair was in 
use, the  other one could be dismantled  and  re-erected ; and when the 
work was in  full  swing  this was found to be just possible, the  third 
trestle usually  being  ready  when it was required  for  the  next  span. 
NO machinery was employed in dismantling,  removing,  and  rebuild- 
ing  the ramps,  all the work  being  done by hand,  and two  gangs of 
about  forty coolies each  were  continuously  engaged in  the work. 

Insertion of Girders.-As soon as the water in  the  river had 
subsided  sufficiently to allow of work on  the  temporary diversion 
of the railway  being  completed this was put  in hand. The diversion 
was 1 mile  long, and it was kept as low as possible in  the river,  only 
two openings of 30 feet each being provided,  one in  the bed  of the 
river  itself and one on  the south  side,  both  crossing irrigation 
channels.  They  were  carried on  temporary  sleeper-stacks on 
boulder  flooring in  the  usud way. The  diversion was finally 
completed and traffic turned  on  to it on the  8th March, 1912. 
There was much work to be done on  the old bridge before the 
girders codd be inserted, as, owing to  a difference in depth  between 
the roller  and  the fixed ends of the old girders-both  ends  being 
alike  in  the new  spans-the  bed-stones  on  every alternate pier  had 
to be lowered 64 inches. New bed-stones  also had  to be put  in on 
all  the  piers  to  carry  the  rail-bearers, which in  the old girders 
rested  on  timber packings.  Owing to  the confined space  available 
for  work  these  bed-stones  were  constructed of cement concrete, 
which thus formed  monolithic blocks the width of the  piers  and 
became incorporated with  the  original brickwork, the sides of which 
were left  rough  on purpose.  As  soon as this work  had  advanced 
sufficiently to allow the concrete a sufficient time  to  set,  the  first 
span was loaded on to the horizontal  trollies  on the 28th  March. 
It was not,  however, brought  out  into  the  river  until  the  11th  April, 
owing to a delay in  getting some of the final fittings  for  the  ramp- 
trollies, on which date  it was loaded  on to  the ramp-trollies.  Some 
considerable time was lost  over this  first  span, owing to having to 
drill the men, and  the old span  was  not pulled out on to its trollies 
until  the  morning of the 13th.  As soon as this was completed, the 
trollies  were  started  up  the  ramp¶,  and  the  span was successfully 
pulled in over the bed-stones  by the evening  of the  13th  April. 

Owing to  the breaking of teeth  in  the pinion of one of the 
trollies  the second  span was not brought  out  and loaded on  to  the 
ramp-trollies  until  the 22nd  April,  and its insertion was completed 
on the following  day. The  first  two  spans were  inserted at  the 
northern end of the bridge,  where the  river is driest,  but  arrange- 
ments were now nlade to move over to  the  south  end  and work 
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backwards so as to  ensure being out of the deep part of the  river 
before the floods came down. This change delayed matters some- 
what,  and  the  third  span was only started  on  its  long  journey across 
the  river  on  the  3rd May and was inserted on the  4th.  Matters 
now began t o  run more  smoothly, and, as the men  began to under- 
stand  the work, better progress was made. On the 23rd June  the 
eleventh  span was inserted,  the  time  taken  from  the  arrival of the 
girder at  the foot of the  ramps  until it was in position over the 
piers  being  only 4$ hours. 

Unfortunately  on  the  24th  June cholera broke  out  in  the Moplah 
camp, with  the  result  that  all  the  labourers disappeared, and  for 
a week the works  were  practically  deserted. The cholera having 
been stamped  out,  the local labour was gradually coaxed back, and 
the  twelfth  span was inserted  on  the  4th  July  with practically 
local labour only. After  this  the Moplah labour began to  return 
and  the work went  forward  again somewhat more briskly, but  the 
effects of the cholera  were  noticeable in the progress of the work 
for some time  afterwards.  As  the lead on  the  spans  got  shorter 
the work naturally proceeded quicker, and  on  the  20th  July  the 
fifteenth  span was started  from  the dock in  the early morning  and 
W:LS LIP in position on  the piers  before dark,  the  actual  time being 
just 12 hours. 

Matters now went on  smoothly and  on  the  8th  August  the 
eighteenth  and  last  span was inserted, 16&  weeks  from the  date 
on which the  first one went  in.  The  laying .of the  permanent way 
had been  proceeding steadily,  and as soon as the  last  rail-bearers 
had been inserted  and  riveted  up, it was linked  through  and  the 
bridge was opened for traffic on the  20th  August, 1912, the  traffic 
having been off the  bridge  for 59 months. 

Before the  bridge was opened it was tested  under a load of 
120 tons. The deflection under a standing  test was found  to be 
0.40 inch, or g~koB of the  span, while the  permanent  set was 
only 0.06 inch. Under a running  test at 20 miles per  hour, the 
deflection was only 0.42  inch, while the oscillation was almost 
infinitesimal, being a t  most 0.05 inch. 

From  the  time  the work was commenced in  the building yard, 
the  eighteen  spans were  erected and  inserted  in  just  under 
10  months,  or at the average rate of nearly two spans per month, 
while the whole work, including  the  breaking  up  and removal of 
the old girders from the bed of the  river, was completed in 
12  months.  As  regards cost, the work was carried out at a very 
economical rate.  From  arrival on the  ground,  including assembling, 
riveting,  and  getting  into position on  the piers, the cost was 
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2 1  6s. 4d. per ton of new steel  work,  while the  total work, including 
all temporary  arrangements  and pla.nt,  cost 2 3  15s. 4d. per  ton of 
new  steelwork.  The  riveting  alone was  completed at an  average 
rate of 10s. per 100 rivets,  against :m estimated  cost of 12s. per 100 
if pneumatic  plant  had been  used, as was a t  one  time suggested. 

Throughout  the  work  there were no  accidents of any  kind,  and 
with  the exception of those caused by  the  outbreak of cholera, no 
fatalities. Mr. G. D. Mainprice, B.Sc.,  Assoc. M. Inst. C.E., was 
in direct  charge of the work, and  the Author’s thanks  are  due  to 
him for  the  assistance  he  has given in working  out  the  details of 
the scheme, and  for  carrying  the  work  through to  such a successful 
conclusion. 

The  Author  is  indebted  to Mr. J. T. Lewis, M. Inst. C.E., Chief 
Engineer,  for permission to write  this  Paper,  and  to use the  plans 
which  accompany it. 

The  Paper is accompanied by a sheet of tracings, from which 
Plate 4 has been prepaed. 
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